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Abstract 
The ca. 3000 km2ItsaqGneissComplex of the Nuuk region, southernWestGreenland was the first body of 
pre-3600 Ma crust discovered. Such ancient gneisses are now also known elsewhere, but in total form 
only about a millionth of the modern crust. The other 99.9999% of ancient crust was destroyed by melting 
and erosion over billions of years. Understanding the origin of this oldest crust is hampered by 
metamorphism (repeatedly) in the amphibolite or granulite facies, and most of it having been strongly 
deformed. The ItsaqGneissComplex is dominated by polyphase grey gneisses derived from several suites 
of tonalites, granites and subordinate quartz-diorites and ferro-gabbros that were intruded between 3870 
and 3620 Ma. The hosts to these were lesser volumes of supracrustal rocks (amphibolites derived from 
submarine basalts with some chemical sediments and rarer felsic volcanic rocks), gabbro-anorthosite 
complexes and rare slivers of >3600 Ma upper mantle peridotite. Tonalite protoliths that dominate the 
ItsaqGneissComplex resemble younger Archaean TTG (tonalite-trondhjemite-granodiorite) suites in terms 
of their major and trace element geochemistry. Their Sr and Nd isotopic signatures indicate that they 
were juvenile additions to the crust. Their bulk compositions, in comparison with other TTG suites and 
products from melting experiments, show that they formed by partial melting of eclogite facies hydrated 
mafic rocks with lesser contributions from metasomatised upper mantle. Analogous suites are now 
generated at convergentplateboundaries, if the subducting oceanic crust is young and thus hotter than 
average. In the ItsaqGneissComplex, younger (Neoarchaean) strong ductile deformation under 
amphibolite to granulite facies conditions obliterated much of the evidence of its Eoarchaean tectonic 
evolution. However, in the north of the Complex around the 35 km long Isua supracrustal belt, maximum 
metamorphic grade is lower (sub-migmatisation) and superimposed younger (Neoarchaean) deformation 
is less. Thus tectonic events during the ⩾3600 Maconstruction of the crust can be studied. The belt 
contains several panels that contain amphibolites derived from submarine basalts, chemical sediments 
and felsic-intermediate volcanic rocks. These panels are separated by ⩾3600 Ma mylonites and then 
folded. Nearby smaller supracrustal belts of amphibolites derived from volcanic rocks with chemical 
sediments are interleaved with upper mantle peridotite and layered gabbros. It is considered that the 
tectonic intercalation of these unrelated rocks reflects crustal shortening, driven by compression at 
convergentplateboundaries. The ItsaqGneissComplex and all other Eoarchaean complexes, present a 
strong case that the oldest continental crust was built at ancient convergentplateboundaries by intrusion 
of tonalites into tectonically intercalated suites of supracrustal rocks (predominantly basalt), gabbros and 
upper mantle peridotites. 
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Abstract  
The ca. 3000 km2 Itsaq Gneiss Complex of the Nuuk region, southern West 
Greenland was the first body of pre-3600 Ma crust discovered. Such ancient gneisses 
are now also known elsewhere, but in total form only about a millionth of the 
modern crust. The other 99.9999% of ancient crust was destroyed by melting and 
erosion over billions of years. Understanding the origin of this oldest crust is 
hampered by metamorphism (repeatedly) in the amphibolite or granulite facies, and 
most of it having been strongly deformed. The Itsaq Gneiss Complex is dominated 
by polyphase grey gneisses derived from several suites of tonalites, granites and 
subordinate quartz-diorites and ferro-gabbros that were intruded between 3870 and 
3620 Ma. The hosts to these were lesser volumes of supracrustal rocks (amphibolites 
derived from submarine basalts with some chemical sediments and rarer felsic 
volcanic rocks), gabbro-anorthosite complexes and rare slivers of >3600 Ma abyssal 
peridotite. 
 
Tonalite protoliths that dominate the Itsaq Gneiss Complex resemble younger 
Archaean TTG (tonalite-trondhjemite-granodiorite) suites in terms of their major and 
trace element geochemistry. Their Sr and Nd isotopic signatures indicate that they 
were juvenile additions to the crust. Their bulk compositions, in comparison with 
other TTG suites and products from melting experiments, show that they formed by 
partial melting of eclogite facies hydrated mafic rocks with lesser contributions from 
metasomatised upper mantle. Analogous suites are now generated at convergent 
plate boundaries, if the subducting oceanic crust is young and thus hotter than 
average. In the Itsaq Gneiss Complex, younger (Neoarchaean) strong ductile 
deformation under amphibolite to granulite facies conditions obliterated much of the 
evidence of its Eoarchaean tectonic evolution. However, in the north of the Complex 
around the 35-km long Isua supracrustal belt, maximum metamorphic grade is 
lower (sub-migmatisation) and superimposed younger (Neoarchaean) deformation 
is less. Thus tectonic events during the ≥3600 Ma construction of the crust can be 
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studied. The belt contains several panels that contain amphibolites derived from 
submarine basalts, chemical sediments and felsic-intermediate volcanic rocks. These 
panels are separated by ≥3600 Ma mylonites and then folded. Nearby smaller 
supracrustal belts of amphibolites derived from volcanic rocks with chemical 
sediments are interleaved with abyssal peridotite and layered gabbros. It is 
considered that the tectonic intercalation of these unrelated rocks reflects crustal 
shortening, driven by compression at convergent plate boundaries. The Itsaq Gneiss 
Complex and all other Eoarchaean complexes, present a strong case that the oldest 
continental crust was built at ancient convergent plate boundaries by intrusion of 
tonalites into tectonically intercalated suites of supracrustal rocks (predominantly 
basalt), gabbros and abyssal peridotites. 
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Introduction 
Interpreting the Earth from about 3500 Ma is greatly aided by the preservation of 
almost undeformed and non-metamorphosed volcanic and sedimentary rocks, units 
of which are found in the Pilbara Craton of Western Australia and in the Barberton 
area of South Africa. In these exceptionally well-preserved sediments and volcanic 
rocks, primary textures and structures have even allowed a detailed understanding 
of surficial environments from 3500 Ma, including the early life record, with possibly 
the first microfossils and macroscopic stromatolites (see van Kranendonk, this 
volume). However, a major problem for interpreting the Eoarchaean (3500-4000 Ma) 
geological record is that it is all contained within gneiss complexes, where original 
characters of the rocks have been mostly obliterated. An example of this is the 3850-
3600 Ma Itsaq Gneiss Complex of the Nuuk region, southern West Greenland (Figs. 1 
and 2). The Itsaq Gneiss Complex is ideal for study of the construction of the oldest 
continental crust. This is because of (a) its considerable size (greater chance of 
sampling crustal variability), (b) good exposure, and (c) its rare areas of low 
deformation and alteration that are unique in the oldest terrestrial geological record 
(both the latter help to clarify difficult geological relationships). We present evidence 
that shows that by almost 4 billion years ago, continental crust was being formed at 
convergent plate boundaries. This suggests that by that time horizontal lithospheric 




The deformation of >3600 Ma rocks is polyphase, and commonly spans over 
a billion years. Thus in Figure 3a, Itsaq Gneiss Complex Eoarchaean 
orthogneisses are cut by Mesoarchaean dolerite dykes (Ameralik dykes – 
McGregor, 1973), now converted into still locally discordant tabular 
amphibolite bodies. This demonstrates superimposed (Neoarchaean) ductile 
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deformation under amphibolite facies conditions (McGregor, 1973). The 
margins of the dykes cut migmatitic structures in the orthogneiss, indicating 
yet earlier (Eoarchaean) high-grade metamorphism and ductile deformation. 
 
It is fortuitous that strain during both Eo- and Neoarchaean ductile 
deformation events in the Itsaq Gneiss Complex was heterogeneous, and 
hence there are small domains that escaped severe deformation (Fig. 3b). It is 
upon these small domains that studies are best focussed. This has been the 
approach by several groups recently, and has yielded the most pristine 
samples of >3600 Ma lithologies, and thereby most concise interpretations of 
granitic, mafic, ultramafic and sedimentary rocks by geochemical methods 
(e.g., Nutman et al., 1999; Friend et al., 2002a; Polat et al., 2002; Frei and Polat, 
2006). 
 
The largest and most publicised of these low deformation areas occur in 
orthogneisses near the Isua supracrustal belt (Figs. 1 and 4) where an intrusive 
relationship between successive generations of tonalites and granites is 
displayed (Fig. 3b; Bridgwater and McGregor, 1974; Nutman and 
Bridgwater, 1986; Nutman et al., 1999; Crowley et al., 2002; Crowley, 2003). 
Smaller low strain domains occur within the Isua supracrustal belt, such that 
there is very rare preservation of sedimentary and volcanic structures 
(Nutman et al., 1984; Komiya et al., 1999). In the southern part of the complex 
there are also small domains of low total strain. These show that the banded 
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gneisses that dominate the Complex consist of older tonalitic components in 
which in situ partial melt domains developed, and which were also veined by 
pegmatite. Upon strong deformation, this gives rise to the complex banded 
gneisses in whose components are no longer separable for individual study 
(Nutman et al., 2000).  
 
Many Eoarchaean gneisses of different age are superficially similar in 
appearance (Nutman et al., 2000). Thus precise and accurate chronology of 
them is an essential starting point in order to chronicle early Earth events 
read from their geochemistry. This has been made possible by zircon dating 
using the coupled 235U-207Pb and 238U-206Pb radioactive decay systems 
(shortened here to U/Pb). Sensitive, high mass-resolution ion microprobes 
date domains typically 20 µm wide by 1 µm deep within single zircons. 
Guided by cathodoluminesence imaging (Figs. 5c and 5d), individual 
oscillatory-zoned igneous growth and recrystallised domains can be dated 
this way, to obtain accurate, complex geological histories for zircon 
populations from single rocks (Figs. 5e and 5f). U/Pb zircon analysis by 
thermal ionisation mass spectrometry can now date single fragments of large 
grains, and also provides valuable information on the early Earth (e.g. 
Crowley et al., 2002). There are now numerous accurate U/Pb zircon dates 
on the oldest rocks and minerals, with errors of only a few million years 
(only ≤0.1% of the >3500 Ma ages). These have allowed distinction of 
Eoarchaean geological events at a ≤10 million-year resolution, and have 
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charted a 300 million year development for the Itsaq Gneiss Complex (Fig. 2; 
Nutman et al., 2001; Nutman, 2006). 
 
Itsaq Gneiss Complex 
The Itsaq Gneiss Complex is a term used to embrace all Eoarchaean gneisses 
in West Greenland (Nutman, et al., 2004).  The most studied and largest parts 
of the Complex are the Færingehavn and Isukasia terranes in the Nuuk region 
(Fig. 1). Two other smaller terranes occur north of the Nuuk region (Rosing et 
al., 2001; Nutman et al., 2004).  
 
Nutman et al. (1993) and Friend and Nutman (2005b) proposed that the Itsaq 
Gneiss Complex was constructed out of tonalites between 3850-3660 Ma, and 
was then affected by superimposed orogenic events between ca. 3650 and 
3550 Ma, with high grade metamorphism, production of crustally-derived 
granites (sensu stricto) and polyphase deformation. These superimposed 
3650-3550 Ma events were interpreted to reflect collisional and/or strike slip 
orogeny that affected crust formed over the previous 200 million years. This 
article focuses on the magmatic and tectonic processes that built Eoarchaean 
continental crust prior to the collisional and/or strike slip orogenic events. 
 
The Eoarchaean terranes are mylonite-bounded tectonic slivers within a 
collage of younger terranes (each terrane has its own rock ages and internal 
evolution). These terranes were assembled during several Neoarchaean 
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tectonothermal events (Friend et al., 1988; Friend and Nutman, 2005a). Thus 
the Eoarchaean rocks are allochthons found within a Neoarchaean orogen. 
Because unrelated terranes have been tectonically stacked on top of each 
other and some show early transient high-pressure metamorphism, terrane 
assembly is interpreted to have involved Neoarchaean collisional orogeny 
(Nutman, et al., 1989; McGregor et al., 1991; Friend and Nutman, 2005a; 
Nutman and Friend, 2007).  
 
Lithologies 
The Itsaq Gneiss Complex contains >95% quartzo-feldspathic rocks of 
intrusive origin, now mostly strongly deformed into orthogneisses (Fig. 3a). 
The rare areas of relatively little deformation show that these usually formed 
from older tonalite and younger granite components (Fig. 3b). Tonalites are 
siliceous (typically 65-70 wt%) potassium-poor intrusive rocks largely 
generated by melting of hydrated mafic crust after transformation into garnet 
amphibolite or eclogite (summary by Martin et al., 2005). The granites were 
produced by partial-melting of predominantly tonalite crust during 
superimposed orogeny (Baadsgaard et al., 1986; Bennett et al., 1993; Friend 
and Nutman, 2005b). Volcanic and sedimentary rocks form <5% of the 
Complex. The volcanic and sedimentary rocks are scattered through the 
banded gneisses as enclaves and tectonic slivers, and range in size from the 
35-km long Isua supracrustal belt (e.g., Moorbath et al., 1973; Allaart, 1976; 
 
29/1/2007 Nutman et al.   - 9 - 
  
Nutman et al., 1984a, 1997, 2002a; Komiya et al., 1999) of the Itsaq Gneiss 
Complex (Figs. 1 and 4), down to 1-metre pods.  
 
The trace element chemistry of many Itsaq Gneiss Complex amphibolites 
indicates that they were derived from arc-related basalts (Polat and 
Hofmann, 2003; Jenner et al., 2006), rather than being plume related or being 
ancient mid ocean ridge basalt. Diagnostic signatures are depletions in Ti and 
Nb, and (variable) enrichments in Pb, Sr, Ba, Rb, and LREE. Careful sampling 
shows that such chemical signatures are original to the volcanic protoliths, 
rather than solely caused by metasomatism during later high-grade 
metamorphism and deformation (Polat and Hofmann, 2003). Gabbros and 
ultramafic rocks occur in small amounts. The ultramafic rocks are diverse in 
origin and chemistry (Fig. 6) and are derived from abyssal peridotites (e.g., 
Friend et al., 2002a), perhaps komatiites (McGregor and Mason, 1977) and 
cumulates associated with gabbros (Nutman et al., 1996; Friend et al., 2002a). 
Siliceous rocks derived from chemical sediments form a very small part of 
the Complex, and occur interlayered with amphibolites. Despite strong 
deformation, metamorphism and associated metasomatism, some of these 
display subtle trace element (rare earth element + yttrium) signatures 
indicating deposition from seawater (Bohlar et al., 2004; Frei and Polat, 2006). 
Felsic-intermediate volcanic rocks are even less common, but have been 
recognised in the Isua supracrustal belt (Allaart, 1976; Nutman et al., 1997). 
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Isukasia terrane 
The Isukasia terrane occurs in the northern part of the Nuuk region and 
contains the Isua supracrustal belt (Figs. 1 and 4). At least two thirds of all 
international literature on Eoarchaean rocks focuses on the northern Itsaq 
Gneiss Complex, with most of that having been written about the Isua 
supracrustal belt. The southern edge of the Isukasia terrane is more 
deformed, and consists of banded gneisses resembling those of the 
Færingehavn terrane (Bridgwater and McGregor, 1974; Nutman et al., 1996). 
In the northern parts of the Isukasia terrane (north of line “N” in Fig. 4), 
Neoarchaean deformation is much less, and only weakly deformed ca. 3500 
Ma Ameralik dykes cut variably deformed Itsaq Gneiss Complex lithologies 
(Bridgwater and McGregor, 1974; Allaart, 1976). This provides a unique 
opportunity to study Eoarchaean tectonics. In places the Eoarchaean rocks 
are almost undeformed but elsewhere, such as at the northern edge of the 
Isua supracrustal belt (Fig. 4), there are Eoarchaean mylonites (Nutman, 
1984; Nutman et al., 1997, 2002a; Crowley et al., 2002). The Isukasia terrane 
low strain domains show that in contrast to the Færingehavn terrane, in situ 
melting was very limited, and also that there is no evidence for Eoarchaean 
granulite facies metamorphism (Nutman et al., 1996). This lack of in situ 
migmatisation increases even more the significance of the Isukasia terrane in 
providing concise information on the petrogenesis of the world’s oldest 
rocks, and hence insights into evolution of the early Earth. Geochronology of 
these better preserved-rocks shows that the Isukasia terrane tonalites are 
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mostly 3810-3795 Ma and 3700-3690 Ma old, and that between 3650 and 3620 
Ma they are cut by several generations of granite and pegmatite sheets 
(Nutman et al., 1996, 2000, 2002a; Crowley et al., 2002; Crowley, 2003). Zircon 
geochronology also shows that the Isua supracrustal belt comprises the 
remains of sequences with different ages, with volcanic rocks of ca. 3800 and 
3710 Ma being present (Nutman et al., 1996, 1997, 2002a; Crowley, 2003; 
Kamber et al., 2005). 
 
Isua supracrustal belt 
Demonstration that the Isua supracrustal belt (Isua greenstone belt in some 
recent publications by other workers) is ≥3700 Ma old (Moorbath et al., 1973) 
was a landmark in the understanding of the early Earth. This is because the 
Isua banded iron formations and associated metavolcanic amphibolites 
demonstrated that by 3700 Ma, Earth already had a hydrosphere and that by 
then successions were being deposited that were similar to those formed 
later throughout the Archaean.  
 
Despite that the Isua supracrustal belt escaped much deformation in the 
Neoarchaean, most of it still strongly deformed due to Eoarchaean deformation 
(Nutman et al., 1984a, 2002a, Myers, 2001). Thus, in most cases, primary volcanic 
and sedimentary structures were obliterated, and outcrop-scale compositional 
layering is of mostly transposed tectonic origin. It is only in rare augen of total low 
strain that volcanic, and even more rarely sedimentary, structures are preserved. 
Examples of these are illustrated in Figure 7. The first unequivocal pillow 
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structures in Isua supracrustal belt amphibolites were recognised at the start of the 
1990s (Komiya et al., 1999; Fig. 7a at locality 1 on Fig. 10). Other clear examples of 
relict pillow structure have since been found (e.g., Solvang, 1999; Nutman et al., 
2002a). These finds are important, because they demonstrate that most Isua 
amphibolites were derived from subaqueous volcanic rocks. This contrasts with 
previous ideas held in the 1970s and 1980s that amphibolites derived from altered 
gabbros were also an important component in the belt (e.g., Nutman et al., 1984a).  
 
Rocks of chemical sedimentary origin such as banded iron formation (Moorbath et 
al., 1973; Dymek and Klien 1988) have quartz and either calc-silicate or magnetite 
layering. This is mostly a transposed layering, and only locally does it represent 
original (albeit still deformed) sedimentary layering (Fig. 7b – locality 2 on Fig. 10). 
Felsic schist units in the belt have always elicited much debate as to their origin, 
with felsic volcanic protoliths (Allaart, 1976; Nutman et al. 1984a, 1997), altered 
sheared tonalite sheets (Rosing et al., 1996) and radically metasomatised mafic 
rocks (Myers, 2001) all proposed. In the eastern part of the belt, two felsic schist 
units occur. The northern one has yielded several zircon dates of ca. 3710 Ma 
(Nutman et al., 1997, 2002a). The southern unit crops out throughout the length of 
the belt, and has in several places yielded zircon dates of ca. 3800 Ma (e.g., 
Baadsgaard et al., 1984; Compston et al., 1986; Nutman et al., 2002a; this paper). In 
the northern ca. 3710 Ma unit there are rare vestiges of graded, felsic volcanic 
breccia (Nutman et al., 1997). In the southern unit there is fine-scale layering that 
predates the earliest folds. An example of this relict volcano-sedimentary structure 
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is shown as Fig. 7c (locality 3 on Fig. 10). In other lithological units, there are 
structures over which debate continues whether they are of deformed sedimentary 
or entirely tectonic origin (e.g., Nutman et al., 1984; Fedo, 2000). Typical of these is 
a “round pebble conglomerate” unit in a chemical sedimentary rock unit in the 
east of the belt (Fig. 7d – locality 4 on Fig. 10). 
 
Færingehavn terrane 
The Færingehavn terrane was where >3600 Ma rocks were first identified on 
Earth (Black et al., 1971; McGregor, 1973). It occurs in the central and 
southern part of the Nuuk region (Fig. 1). Overall its rocks are much more 
modified by strong deformation and high-grade metamorphism than the 
northern parts of the Isukasia terrane. This makes it harder to obtain 
unequivocal interpretations of its rocks. Thus it is dominated by banded, 
polyphase orthogneisses with tonalitic and less voluminous granitic 
components. Whitehouse et al. (1999) identified multiple generations of 
igneous zircons in samples of banded gneisses from the Færingehavn 
terrane. They interpreted the youngest igneous zircons as the igneous age of 
single protoliths, with all older zircons being xenocrysts. Nutman et al. (2000, 
2001, 2004) pointed out that as such rocks are actually complex banded 
gneisses, an equally permissible, if not more likely, interpretation is that 
several ages of igneous material are present in such rocks. Such diversity of 
opinion shows that working on single-component rocks from low strain 
zones rather than banded gneisses is important to avoid ambiguity in the 
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interpretation of (expensive) geochronological data. By focussing 
geochronological and geochemical studies on these low strain domains, 
Nutman et al. (1993, 1996, 2000, 2001, 2007) and Friend and Nutman (2005b) 
proposed that tonalites incorporated into the Færingehavn terrane are ca. 
3850,3800, 3760-3730, 3700 and 3660 Ma old. In rare domains of lower strain 
in the Færingehavn terrane, it is seen that the granitic components are 
derived from in situ melting of the tonalites and from granitic intrusions 
these formed between 3660 and 3600 Ma. These latter events have been 
equated with petrographic evidence for Eoarchaean granulite facies 
metamorphism in the Færingehavn terrane (McGregor and Mason, 1977; 
Griffin et al., 1980). Units of Fe-rich augen granites, monzonites and ferro-
gabbros are a distinct component of the southern part of the Færingehavn 
terrane (McGregor, 1973). These rocks are the product of hybridisation of 
mantle and deep crustal magmas, and resemble A-type / within-plate-
granites with high Nb, Zr, TiO2 and P2O5 (Nutman et al., 1984b; 1996). These 
rocks have yielded zircon ages of 3640-3630 Ma (Baadsgaard, 1973; Nutman 
et al., 2000), and are the oldest-known rocks of this type known.  
 
The Færingehavn terrane orthogneisses contain lenses of amphibolites, 
ultramafic and siliceous rocks, named the Akilia association by McGregor and 
Mason (1977). Although it is agreed that these largely represent enclaves of 
mafic volcanic rocks, gabbros and chemical sediments, there is lack of 
agreement concerning their age, because the original relationships with the 
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surrounding orthogneisses have generally been obliterated by migmatisation 
and high strain (Nutman et al., 2001, 2002b). Nutman et al. (1996, 2000) and 
Friend and Nutman (2005b) presented evidence that the Akilia association 
represents the remains of several supracrustal sequences, ranging from ≥3850 
Ma to 3650-3600 Ma. Other workers have considered there is not yet sound 
evidence for any of the Akilia association being ≥3850 Ma (Whitehouse et al., 
1999; Whitehouse and Kamber, 2005). Furthermore, debate continues over 
which Akilia association siliceous rocks are sedimentary in origin (Nutman et 
al., 1996; Friend et al., 2002b; Dauphas et al., 2004 versus Fedo and 
Whitehouse 2002), and whether, despite having suffered granulite facies, 
they preserve evidence for Eoarchaean life (Mojzsis et al., 1996 versus 
Lepland et al., 2005; Nutman and Friend, 2006).  
 
Building of Itsaq Gneiss Complex crust out of tonalites 
The majority of Itsaq Gneiss Complex tonalites have 65-70 wt% silica, high 
alumina (mostly >15 wt%) and low MgO (mostly <1 wt%; Fig. 8). These are 
typical high-alumina tonalites. Experimental petrology indicates that such 
bulk compositions are generated by partial melting of mafic rocks at high 
pressure in the eclogite (or high pressure granulite) stability field (summaries 
by Martin et al., 2005 and Moyen and Stevens, 2006), with garnet + rutile as 
restite phases. However, coeval with the Itsaq Gneiss Complex tonalites are 
volumetrically minor quartz-diorites (Nutman et al., 1996, 1999) which have 
lower silica (55 to 60 wt%) and higher MgO (3 to 4 wt%; Fig. 8), with #Mg 
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values approaching 50. As pointed out by Smithies and Champion (2000), the 
highly magnesian character of such rocks means that they cannot have been 
derived by melting of solely amphibolites, but must have involved some 
melting of mantle rocks as well. Thus it appears that the Itsaq Gneiss 
Complex was constructed largely by the melting of (hydrated) basaltic rocks 
at high pressure, with some contribution from the melting of metasomatised 
mantle rocks as well. In the dominant tonalites, trace element signatures such 
as marked depletion of the heavy over the light rare earth elements (due to 
garnet in the restite) and depletion of Nb and Ti (due to rutile in the restite) 
are also in accord with their origin by melting of high-pressure basaltic rocks 
(see Martin et al. 2005 for summary). Experimental petrology shows that high 
temperature (>900°C) melting formed the tonalites (see Martin et al., 2005 
and Moyen and Stevens, 2006 for summaries). 
 
The zircon solubility in melt relationships (Fig. 9) obtained by experimental 
petrology (Watson and Harrison, 1983), shows that at >900°C, tonalite 
magmas with typical 120-140 ppm Zr abundances are grossly zircon 
undersaturated (they could carry >400 ppm Zr without starting to crystallise 
zircon - Fig. 9). The implication of this is that any zircons inherited from 
country rocks would be rapidly dissolved (Watson, 1996). Hence oscillatory-
zoned igneous zircon in tonalites can be regarded as having grown out of the 
tonalite magma, after it had already partially crystallised and cooled 
substantially (Mojzsis and Harrison, 2002; Nutman, 2006). This is in keeping 
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with the observation that homogeneous tonalite samples from the Itsaq 
Gneiss Complex have singular ages of oscillatory-zoned “igneous” zircon 
(Nutman et al., 1993, 1996, 2000). It is only when zircons are extracted from 
polyphase, banded gneisses (e.g., like those in Fig. 3a) that multiple age 
generations of igneous zircons are encountered in single samples (see 
discussion in Nutman et al., 2000, 2002b).  
 
Tonalites in the Itsaq Gneiss Complex with ages of ca. 3800 and 3700 Ma 
have been documented by several workers (e.g., Nutman et al., 1996, 2000; 
Crowley et al., 2002; Crowley, 2003). Tonalites and quartz-diorites in the 
vicinity of Amiitsoq in Ameralik fjord (McGregor, 1979) are the youngest in 
the Complex with zircon ages of ca. 3660 Ma (Friend and Nutman, 2005b).  
However, there occur some tonalitic gneisses in different strain states that 
contain 3850 Ma zircons. In low strain areas these are fairly homogeneous 
rocks with some nebulous patches/segregations (Fig. 5a) in which most 
oscillatory zoned zircon formed at ca. 3850 Ma, albeit has locally 
recrystallised and some overgrowths of younger zircon have developed on it 
(Fig. 5c). Our preferred interpretation of such rocks is that they are ca. 3850 
Ma tonalites, whose zircons display the effects of superimposed 
polymetamorphism (Table 1; Fig. 5e). Other more strongly deformed rocks 
with ca. 3850 Ma zircon also occur, which contain variable amounts of 
younger zircon as well (Figs. 5b, d, and f; Nutman et al., 2000). We interpret 
such rocks as ca. 3850 Ma tonalites, with variable amount of younger in situ 
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melt and veining that has been transformed into a banding by strong 
superimposed deformation. Therefore we contend that the Complex also 
contains ca. 3850 Ma tonalites, although others (Whitehouse et al., 1999 and 
Whitehouse and Kamber, 2005) disagree that rocks of this age have yet been 
identified.  
 
Itsaq Gneiss Complex tonalites have low initial 87Sr/86Sr ratios (Moorbath et 
al., 1972) and positive initial εNd isotopic signatures (Bennett et al., 1993). 
Both these indicate that the tonalites are juvenile additions to the sialic crust, 
and not remelts of much older crust. Thus by combining the accurate and 
precise zircon geochronology and the Nd and Sr whole rock isotopic studies, 
our hypothesis is that the Itsaq Gneiss Complex was largely constructed by 
intrusion of several generations of tonalites (with subordinate quartz-
diorites) over almost 200 million years (Fig. 2). This contrasts with an earlier 
hypothesis of crust-forming “super-events” in the Greenland Archaean, 
whereby most of the rocks in a particular gneiss complex were interpreted as 
being coeval (implicit, because they were placed on the same isochrons - e.g., 
Moorbath and Taylor, 1985). This hypothesis was based on the earlier whole 
rock isochron suite geochronology, rather than zircon geochronology (see 
Nutman et al., 2000 for discussion and early literature). 
 
Eoarchaean tectonic intercalation of unrelated rocks in the Itsaq Gneiss 
Complex 
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Tectonic intercalation in the Isua supracrustal belt, Isukasia terrane 
Over the past decade, several groups of workers have produced tectonic 
interpretations for the Isua supracrustal belt and the adjacent orthogneisses (e.g., 
Nutman et al., 1997, 2002a; Appel et al., 1998; Komiya et al., 1999; Hanmer and 
Greene, 2002). Most of these interpretations diverge in their detail and even in their 
representation of the same geology, but there is now a general consensus that the 
Isua supracrustal belt consists of several panels of mylonite-bounded volcano-
sedimentary rocks that were juxtaposed in the Eoarchaean. Zircon geochronology 
demonstrates that ca. 3800 Ma and 3710 Ma volcano-sedimentary rocks are present 
(Fig. 4), and therefore these panels are not all the same age (Nutman et al., 1997, 
2002a). This is different from interpretations based on Sm/Nd whole rock isotopic 
studies, which have regarded all rocks of the belt as essentially the same age (e.g., 
Moorbath et al. 1997).  
 
The Eoarchaean tectonic partitioning of the Isua supracrustal belt is illustrated in a 
map of part of its eastern end (Fig. 10). This same area was the focus of studies by 
Nutman et al. (1997, 2002a), Appel et al. (1998) and Komiya et al. (1999). All 
lithological boundaries are highly deformed, and for many it is impossible to 
ascertain their original nature. However, there are some confirmed original 
depositional contacts, mylonitic breaks and (deformed) intrusive contacts. 
 
The southern side of the belt consists of amphibolites with rare preserved pillow 
lava structures, in which a felsic schist layer has been dated at ca. 3800 Ma (Nutman 
et al., 2002a). Further west, this amphibolite unit at the southern edge of the belt is 
intruded by ca. 3800 Ma tonalite (Nutman et al., 1997, 1999; Crowley, 2003). Thus the 
southern amphibolite unit is derived substantially from ≥3800 Ma pillow lavas. To 
the north are ultramafic rocks with komatiitic chemistry and a felsic schist unit 
represented by sample G05/15 (Fig. 10a). The boundaries between these units are 
ambiguous, but are probably tectonic. The felsic schist unit has mostly a strong LS 
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tectonic fabric, concordant its boundaries. However, locally early folds (F1) are 
found oblique to the margins of the unit (Fig. 11a). These early folds were sheared 
and rotated during, or after, assembly of different panels within the belt, but 
nonetheless where these earliest folds are preserved, this unit preserves relicts of 
volcanic structures (Fig. 7c) and thus indicates its protolith was a volcanic or 
volcano-sedimentary rock. Sample G05/15 of felsic volcanic rocks from this unit has 
euhedral, prismatic oscillatory-zoned zircons. Excluding three younger 207Pb/206Pb 
ages provisionally interpreted to be due to ancient loss of radiogenic Pb, the 
remaining analyses have a weighted mean 207Pb/206Pb age of 3794±6 Ma (Table 1; 
Fig. 11a), which is interpreted as the age of volcanic deposition. Further north is a 
major mylonite bounding an isoclinally folded package of chemically diverse 
amphibolites and chemical sedimentary rocks. Within this package, there are early 
mylonites that separate amphibolites of “boninitic” chemistry (high MgO, SiO2 and 
LREE – Polat et al., 2002) with a likely age of ca. 3710 Ma (Nutman et al., 1997) from 
chemical sedimentary rocks containing sparse 3700-3690 Ma volcanogenic zircons 
(Nutman et al., 2002a). Dating of three zircons recovered from a banded iron 
formation (G04/85; Fig. 10) supports this timing of deposition for these chemical 
sediments. All three zircons are small, euhedral, have oscillatory zoning and high 
Th/U. They have close to concordant ages with a weighted mean 207Pb/206Pb age of 
3699 ±12 Ma (Table 1, Fig. 11b). This agrees with the 3691 ±6 Ma obtained from a few 
similar-looking zircons in a siliceous nearby in the same unit (Nutman et al., 2002a). 
Our preferred interpretation is that the 3690-3700 Ma zircons represent a very small 
volcanic component, and are a proxy for the age of deposition of the chemical 
sediments.  
 
These chemical sedimentary rocks are bounded on one side by (?)3710 Ma volcanic 
amphibolites with “boninitic” chemistry and on their other side by compositionally 
different amphibolites of unknown age (Fig. 10). In places, the chemical sediments 
have been excised along the mylonite, so that amphibolites of different composition 
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are in direct tectonic contact with each other (shown in detail in Figs. 10b, c). These 
earliest tectonic contacts were isoclinally folded (F2) and then affected by later 
asymmetric warps (F3). This earliest generation of isoclinally folded mylonites was 
recognised during supplementary mapping in 2004 and 2005. All this structural 
development is Eoarchaean, because an Ameralik dyke, dated by zircon at 3511±18 
Ma (using multiple analyses on one high Th/U prismatic zircon obtained from 
sample G05/04 of felsic late magmatic patch – Table 1, Fig. 11c), either exploited F3 
fold axes or was intruded syn-F3 (Fig. 10). 
 
To the north are panels of ca. 3710 Ma felsic to mafic volcanic schists  (Nutman et al., 
1997, 2002a; Kamber et al., 2005), and amphibolites, whose tectonic boundaries are 
slightly oblique to the northern margin of the belt. The northern margin of the belt is 
an Eoarchaean mylonite (Nutman, 1984; Nutman et al., 1997, 2002a; Komiya et al., 
1999; Crowley et al., 2002), north of which 3700-3690 Ma tonalites and ca. 3650 Ma 
granite sheets predominate (Nutman et al., 1996, 2002a; Crowley et al., 2002). 
 
The eastern end of the Isua supracrustal belt is an example showing that tectonic 
intercalation of rocks of unrelated age and origin was an important process in 
building the Itsaq Gneiss Complex. Clear evidence for this has been lost from most 
other parts of the complex, where younger (<3600 Ma) Archaean deformation and 
metamorphism were more intense. However, the repetition of rocks of different age 
and origin throughout the complex (Nutman and Collerson, 1991; Nutman et al., 
1993; Friend et al., 2002a) suggest that similar tectonic processes occurred 
throughout it. 
 
Narssaq area, Færingehavn terrane 
On the southeast part of Narssaq (peninsula) south of Nuuk (Figs. 1 and 12), there is 
a ca. 1 km long body of ultramafic rocks with associated metagabbros, siliceous 
rocks (derived at least partly from chemical sediments) and skarned amphibolites 
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(derived from volcanic protoliths?) embedded in polyphase orthogneisses. Most of 
the ultramafic rocks are highly deformed and schistose. They are also traversed by 
discordant veins of coarse-grained phlogopite and fibrous amphibole that formed by 
metasomatism, when a post-kinematic granite body was intruded nearby to the 
west. However, at the northern end of the body, there is a small area where the 
ultramafic rocks are less altered. There, dunite dykes cut at a high angle weak 
compositional layering in their harzburgite host. The dunites have chemical 
characteristics of strongly depleted abyssal peridotites (Fig. 6). Rare metamorphic 
zircons extracted from slightly altered ultramafic rocks have yielded dates ranging 
from 2700 Ma up to 3650 Ma (Fig. 8). The zircons are all equant to anhedral grains 
devoid of oscillatory zoning, and are interpreted to have grown in situ during 
metamorphism. They have yielded ages between 3650 and 2700 Ma (Table 1; Fig. 12). 
In which case, the oldest of these zircons show that these mantle-derived ultramafic 
rocks must be at least 3650 Ma old. On the eastern margin of the ultramafic body, 
there is a lens of layered gabbroic amphibolite. This is truncated obliquely by a ca. 1 
m thick layer of siliceous rocks that were probably derived at least in part from 
chemical sediments. East of these are skarned, heterogeneous amphibolites that are 
likely to be derived from volcanic protoliths. Thus, upper mantle and deep crustal 
rocks are in contact with upper crustal rocks at this locality. A likely explanation for 
how this occurred is that they were tectonically juxtaposed prior to being engulfed 
in tonalitic protoliths of the surrounding orthogneisses. Similar relationships have 
been observed south of the Isua supracrustal belt, where ≥3800 Ma abyssal 
peridotites, ultramafic cumulates, layered gabbros and upper crustal rocks were 
tectonically juxtaposed prior to being engulfed in ca. 3800 Ma tonalite (Nutman et 
al., 1996; Friend et al., 2002a). For the Narssaq body, the banding of the gneisses is 
concordant to its margins, and neosome emanating from the orthogneisses has 
broken-up parts of its margin (Fig. 12). Reconnaissance zircon dating on a tonalitic 
orthogneiss near the body (G91/06) yielded ≥3800 Ma oscillatory zoned, high U/Th 
zircon (Table 1; Fig. 12), indicating the presence of very old rocks in the vicinity. Due 
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to the superimposed deformation, the relationship between the ≥3800 Ma tonalites 
and the body dominated by ultramafic rocks is unclear. An age of >3800 Ma (i.e. pre-
tonalite) is possible, whereas ca. 3650 Ma metamorphic zircons in the ultramafic 
rocks give the absolute minimum age.  
 




Construction of Eoarchaean continental crust 
The Itsaq Gneiss Complex provides robust evidence for the formation of 3900-3600 
Ma continental crust by intrusion of tonalites of several ages into suites of older 
rocks that are dominated by metabasalts with lesser amounts of chemical sediments, 
felsic volcanic rocks, gabbros and abyssal peridotites. In rare cases, field 
relationships are preserved that demonstrate that these were being tectonically 
intercalated in the same period that tonalites were being intruded (Friend et al., 
2002a). 
 
The amphibolites of basaltic origin have compositional affinities with arc basalts, 
and are neither plume-related nor mid ocean ridge basalt (Polat and Hofmann, 2003; 
Jenner et al., 2006). Partial melting of hydrated basalt converted into eclogite 
produced abundant tonalites (Nutman et al., 1999). However, also associated with 
the tonalites are more magnesian quartz-diorites (Fig. 8), whose genesis must have 
involved melting of (metasomatised) mantle. In modern settings this occurs when 
young, hot oceanic crust is being subducted, and although most melt is generated 
from the down-going slab, some is produced by melting and reaction between a 
mantle wedge and melts ascending from the slab (Smithies and Champion, 2000; 
Martin et al., 2005). The key geochemical characteristics of the amphibolites, tonalites 
and quartz-diorites make it likely that >3600 Ma continental crust in the Itsaq Gneiss 
Complex (and in all other ancient gneiss complexes) was constructed by magmatism 
at ancient convergent plate boundaries. It is stressed however, that the internal 
architecture of these ancient plate boundaries has not yet been resolved. The 
presence of the quartz-diorites with their mantle origins probably excludes models 
of ductile down-welling, where tonalite melts were produced in an eclogitised 
thickened crustal root (Fig. 13a). Instead, either imbrication of mafic crust in which 
some slices of upper mantle became trapped (Fig. 13b) or various forms of more 
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uniformitarian shallow subduction (Figs. 13c, d) are more likely, because they 
provide a setting suitable for incorporation of some upper mantle in the melting 
processes. The latter three geometries have all been discussed as likely later in the 
Archaean (e.g., Smithies and Champion, 2000), but we contend that models 
involving mantle melting are permissible for continental crust formation in the 
Eoarchaean as well. Regardless of the exact geometries, the chemistry of igneous 
rocks from the Itsaq Gneiss Complex indicates the existence of convergent plate 
boundary magmatism in the Eoarchaean. 
 
How representative is the preserved oldest geological record? 
The presently known area of Eoarchaean rocks underlies about 10,000 km2 of Earth’s 
crust. About a third of that is in the Narryer Gneiss Complex of Western Australia, 
and is very poorly exposed - this reduces even further the amount to study. 
Although new occurrences will be revealed in the future (see Stevenson et al., 2006 
for the most recent discovery from Hudsons Bay, Canada), the total amount of 
Eoarchaean crust preserved on Earth is definitely small. Thus it should always be 
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Figure 1. Summary geological map of the Itsaq Gneiss Complex, Nuuk region, West 
Greenland with focus on zircon age determinations on the orthogneisses. Locations 
of discussed ≥3850 Ma samples G88/66 and G01/36 are shown.  
 
Figure 2. Schematic evolution of the Itsaq Gneiss Complex. Each pictogram 
represents a generation of rocks whose age is known from zircon dating of several 
samples. The figure is entirely schematic and is not meant to portray a geological 
cross-section or the geographic distribution of units. 
 
Figure 3. (a) Polyphase orthogneisses that dominate the oldest rock record (hammer 
for scale). These have early tonalite and younger granite-pegmatite components in 
varying proportions. The granite-pegmatites can be either intrusive sheets or formed 
in situ by arrested partial melting of host tonalites during high-grade 
metamorphism. The Ameralik dykes were intruded at probably 3500 Ma as dolerite 
dykes into already complex gneisses. Later deformation under amphibolite facies 
conditions converted them into a tabular amphibolite bodies, with only locally 
preserved discordances at their margins. Thus these gneisses usually show evidence 
of several phases of unrelated deformation. (b) 3690 Ma weakly deformed tonalite 
(grey) cut by 3650 Ma non-deformed leucogranite sheets (white) in the northern part 
of the Itsaq Gneiss Complex (Isukasia terrane). Such good preservation of 
Eoarchaean plutonic relationships is rare, and is mostly restricted on to the northern 
part of the Itsaq Gneiss Complex. Note that the tonalites show no evidence of in situ 
partial melting.  
 




29/1/2007 Nutman et al.   - 33 - 
  
Figure 5. Oldest tonalites of the Itsaq Gneiss Complex. (a) Moderately deformed c. 
3870 Ma tonalite G01/36 from inner Ameralik (fjord). Sledgehammer head (top 
right) for scale. This displays in situ partial melt domains that infiltrate the tonalite in 
a too intimate fashion to physically separate them. This results in the speckled 
appearance of the outcrop. Thus it is impossible to obtain a tonalite sample complete 
free of these younger domains. (b) Strongly deformed c. 3870 Ma tonalite G88/66 
from Akilia island adjacent to amphibolites (amph) (Nutman et al., 2000; 2002b). 
Author’s hand for scale (top right). In this rock c. 3650 Ma granitic neosome and 
veins in a >3800 Ma tonalite protolith has been strongly deformed, masking evidence 
of their origin. (c) Typical zircons from G01/36. Dates in millions of years (Ma) are 
given with 1 sigma uncertainty and are followed by the analytical site Th/U ratio in 
parentheses. Note the kernels and whole grains of “igneous” oscillatory zoned 
zircons (highest Th/U) with recrystallisation domains and overgrowths of lower 
Th/U zircon developed in events from c. 3810 Ma to as young as 2720 Ma. (d) 
Typical zircons from G88/66.  Despite the different appearance of the rock, the 
zircons are very similar, showing that high temperature Archaean geological history 
was similar, apart from different degrees of deformation. (e and f) Tera-Wasserburg 
238U/206Pb versus 207Pb/206Pb plot for SHRIMP analyses of G01/36 and G88/66 
zircons respectively. Analytical errors are portrayed at the 1-sigma level. 
 
Figure 6. Al/Si versus Mg/Si (wt%) discriminant plot for ultramafic rocks of the 
Itsaq Gneiss Complex. Data from Friend et al. (2002), Nutman et al., (2002b) and 
Nutman (unpublished). 
 
Figure 7. Structures in Isua supracrustal belt rocks. (a) Undisputed relict pillow lava 
structure in amphibolites. The shape of the pillows is well enough preserved to 
allow determination of the top direction (arrow to foreground). Field of view is c. 1 
m. (b) Low strain zone in banded iron formation (pen top for scale). Original, albeit 
deformed sedimentary layering (right) is rotated, attenuated and overgrown by a 
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magnetite foliation (left). (c) Relict volcano-sedimentary layering in c. 3800 Ma 
metavolcanic rocks (pen for scale). Very fine-scale depositional layering has been 
overprinted by coarse recrystallisation domains, very early in the history of these 
rocks. (d) “Conglomerate” structure of disputed sedimentary versus entirely tectonic 
origin, in siliceous, carbonate-bearing rocks associated with banded iron formation 
(pen for scale). 
 
Figure 8. SiO2 versus MgO (wt%) for c. 3800 Ma Itsaq Gneiss Complex tonalites from 
south of the Isua supracrustal belt (Nutman et al., 1999, supplemented by 
unpublished data). All these are homogeneous single-component samples. 
 
Figure 9. Zr – versus melt composition relationships (after experimental results of 
Watson and Harrison, 1983). Melt composition is expressed by M = 
(Na+K+2Ca/AlxSi) in cation fractions. Isotherms trace the Zr abundance at which a 
melt becomes zircon saturated with change of melt composition.  Note that all Itsaq 
Gneiss Complex tonalites are grossly zircon undersaturated with respect to their 
likely temperature of emplacement into the crust of >900°C. 
 
Figure 10. Geological sketch map of part of the eastern end of the Isua supracrustal 
belt (see Fig. 1 for location). See Appel (1998) and Komiya (1999) for other maps of 
the same area. Zircon dates are from Nutman et al. (1995, 1997, 2002), Kamber et al. 
(2005) and this paper. 
 
Figure 11. 238U/206Pb versus 207Pb/206Pb Tera-Wasserburg Concordia plots for new 
zircon dating from the eastern end of the Isua supracrustal belt (see Fig. 11 for 
sample locations). Analytical errors are depicted at the 2-sigma level. (a) G05/15 
felsic volcanic or volcano-sedimentary rock. (b) G04/85 banded iron formation. (c) 
G05/04 felsic patch (late igneous) in Ameralik dyke. 
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Figure 12. Sketch map over a large enclave of ultramafic, mafic and siliceous rocks 
within polyphase orthogneisses, south-eastern Narssaq peninsular, Færingehavn 
terrane (see Fig. 1 for location). (a) Denotes area of low strain where dunite veins 
traverse harzburgites. (b-b’) Is where ultramafic rocks and associated metagabbros 
are truncated by a package of siliceous rocks of probable chemical sedimentary 
parentage and skarned amphibolites probably derived from basalts. On the right 
hand side of the figure are Tera-Wasserburg 238U/206Pb versus 207Pb/206Pb plots for 
SHRIMP analyses of rare metamorphic zircons from ultramafic sample G01/01 and 
reconnaissance data for zircons from orthogneiss G91/06 at the margin of the 
ultramafic body. In G01/01 the oldest detected metamorphic zircons are c. 3650 Ma, 
giving the minimum age of the ultramafic rocks. In G91/06, >3800 Ma determinations 
on oscillatory zoned zircons give the likely age of the tonalitic protolith. 
 
Fig. 13. Cartoon cross-sections of choices for architecture at Eoarchaean convergent 
plate boundaries and TTG producing environements (see also Smithies and 
Champion, 2000 and references therein). 
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Table 1:  SHRIMP U/Pb zircon analyses
labels grain U Th Th/U comm. 238U / 206/Pb 207Pb / 206Pb 207 / 206 %disc
type ppm ppm  206Pb% ratio ratio date (Ma)
G01/36 palaeosome-dominated part of migmatite (64°18.21'N 50°30.15'W)
1.1 e,osc,p 181 75 0.42 0.075 1.412 ± 0.046 0.3807 ± 0.0031 3834 ± 12 -10
2.1 e,osc,p 215 147 0.69 0.067 1.322 ± 0.049 0.3853 ± 0.0026 3853 ± 10 -6
3.1 m,osc,p 135 51 0.38 0.124 1.287 ± 0.042 0.3709 ± 0.0019 3795 ± 8 -2
3.2 m,osc,p 165 74 0.45 0.103 1.361 ± 0.047 0.3427 ± 0.0037 3675 ± 17 -3
3.3 m,osc,p 133 41 0.30 0.038 1.432 ± 0.048 0.3456 ± 0.0043 3688 ± 19 -7
3.4 e,osc,p 340 236 0.69 0.020 1.291 ± 0.045 0.3794 ± 0.0021 3829 ± 8 -3
3.5 e,osc,p 312 150 0.48 0.056 1.267 ± 0.051 0.3778 ± 0.0014 3823 ± 6 -2
4.1 m,osc,p 160 77 0.48 0.005 1.248 ± 0.043 0.3874 ± 0.0023 3861 ± 9 -2
5.1 m,osc,p 121 49 0.41 0.611 1.117 ± 0.059 0.3779 ± 0.0073 3823 ± 29 8
5.2 e,osc,p 131 47 0.36 0.035 1.356 ± 0.046 0.3828 ± 0.0039 3843 ± 16 -7
6.1 m,osc,bip 176 91 0.52 0.039 1.273 ± 0.051 0.3672 ± 0.0028 3780 ± 11 -1
6.2 e,osc/rex,bip 164 73 0.44 0.023 1.381 ± 0.058 0.3353 ± 0.0047 3642 ± 22 -4
6.3 e,osc,bip 201 134 0.67 0.029 1.236 ± 0.051 0.3835 ± 0.0017 3846 ± 7 -1
7.1 e,osc,p 169 75 0.44 0.056 1.269 ± 0.041 0.3789 ± 0.0020 3827 ± 8 -2
8.1 e,osc,p 152 62 0.41 0.004 1.350 ± 0.054 0.3768 ± 0.0047 3819 ± 19 -6
9.1 e,osc,p 190 103 0.54 0.026 1.229 ± 0.047 0.3827 ± 0.0026 3842 ± 10 0
10.1 e,osc,p 208 91 0.44 0.001 1.238 ± 0.041 0.3854 ± 0.0027 3853 ± 11 -1
11.1 e,osc/rex,p,fr 207 87 0.42 0.001 1.272 ± 0.041 0.3642 ± 0.0018 3768 ± 7 -1
11.2 m,osc,p,fr 178 86 0.48 0.082 1.235 ± 0.034 0.3834 ± 0.0028 3845 ± 11 -1
11.3 e,osc/rex,p,fr 197 86 0.44 0.019 1.289 ± 0.042 0.3558 ± 0.0014 3732 ± 6 -1
11.4 e,osc,p,fr 222 102 0.46 0.027 1.232 ± 0.033 0.3842 ± 0.0024 3848 ± 10 0
12.1 e,osc,p 180 95 0.53 0.034 1.317 ± 0.039 0.3805 ± 0.0015 3834 ± 6 -5
13.1 e,osc,p 158 74 0.47 0.039 1.385 ± 0.042 0.3509 ± 0.0030 3711 ± 13 -6
13.2 m,osc,p 168 89 0.53 0.005 1.276 ± 0.086 0.3880 ± 0.0025 3863 ± 10 -3
13.3 e,osc,p 187 95 0.51 0.048 1.227 ± 0.038 0.3848 ± 0.0029 3851 ± 11 0
14.1 e,osc,p/bip 177 99 0.56 0.059 1.310 ± 0.038 0.3842 ± 0.0026 3848 ± 10 -5
15.1 m,osc,p/bip 144 62 0.43 0.001 1.484 ± 0.035 0.3564 ± 0.0036 3735 ± 15 -11
15.2 m,osc,p/bip 272 202 0.74 0.067 1.204 ± 0.040 0.3585 ± 0.0016 3744 ± 7 4
15.3 e,osc,p/bip 406 272 0.67 0.007 1.378 ± 0.056 0.3454 ± 0.0036 3687 ± 16 -5
15.4 e,osc,p/bip 286 167 0.59 0.058 1.371 ± 0.074 0.3490 ± 0.0044 3703 ± 19 -5
16.1 r,h,ov 186 36 0.19 0.096 1.413 ± 0.039 0.3305 ± 0.0034 3619 ± 16 -5
16.2 r,h,ov 202 40 0.20 0.209 1.092 ± 0.078 0.3150 ± 0.0015 3545 ± 7 18
G05/15 felsic volcano-sedimentary rock (65°09.73'N 49°48.90'W)
1.1 e,osc,p 159 129 0.81 0.154 1.257 ± 0.050 0.3700 ± 0.0028 3791 ± 11 0
2.1 m,osc,p 173 198 1.14 0.101 1.215 ± 0.048 0.3703 ± 0.0023 3793 ± 10 2
2.2 e,osc,p 225 201 0.89 0.126 1.187 ± 0.033 0.3692 ± 0.0018 3788 ± 8 4
3.1 m,osc,p,fr 118 102 0.87 0.216 1.284 ± 0.075 0.3684 ± 0.0044 3785 ± 18 -2
3.2 e,osc,p,fr 208 222 1.07 0.096 1.232 ± 0.036 0.3659 ± 0.0031 3775 ± 13 2
4.1 e,osc,p,fr 141 70 0.50 0.093 1.283 ± 0.043 0.3699 ± 0.0021 3791 ± 9 -2
5.1 e,osc,p,fr 77 35 0.46 0.109 1.122 ± 0.240 0.3610 ± 0.0247 3754 ± 108 9
5.2 e,osc,p,fr 98 54 0.55 0.481 1.273 ± 0.087 0.3601 ± 0.0039 3750 ± 16 0
6.1 m,osc,p 257 140 0.54 0.059 1.186 ± 0.030 0.3706 ± 0.0036 3794 ± 15 4
7.1 e,osc,p 466 280 0.60 0.046 1.146 ± 0.031 0.3755 ± 0.0021 3814 ± 8 6
8.1 e,osc,p 228 180 0.79 0.151 1.283 ± 0.044 0.3715 ± 0.0036 3798 ± 15 -2
9.1 e,osc,p 239 183 0.77 0.270 1.257 ± 0.043 0.3582 ± 0.0027 3742 ± 11 1
10.1 m,osc/h,bip 125 138 1.10 0.216 1.234 ± 0.051 0.3700 ± 0.0040 3791 ± 16 1
11.1 m,osc,bip 143 95 0.66 0.172 1.247 ± 0.046 0.3699 ± 0.0029 3791 ± 12 0
12.1 m,osc,bip 203 119 0.59 0.105 1.225 ± 0.043 0.3717 ± 0.0034 3799 ± 14 1
G04/85 quartz-magnetite banded iron formation (65°10.31'N 49°49.22'W)
1.1 e,osc,bip 114 67 0.59 0.205 1.268 ± 0.033 0.3480 ± 0.0034 3698 ± 15 1
1.2 e,osc,bip 108 53 0.49 0.152 1.303 ± 0.056 0.3487 ± 0.0040 3701 ± 18 -1
2.1 e,osc,bip 157 125 0.80 0.292 1.293 ± 0.025 0.3482 ± 0.0017 3699 ± 8 0
2.2 e,osc,bip 136 106 0.78 0.729 1.297 ± 0.039 0.3483 ± 0.0047 3699 ± 21 0
3.1 e,h/rex,bip 76 35 0.46 2.457 1.340 ± 0.041 0.3304 ± 0.0089 3619 ± 42 -1
G05/04 metadolerite dyke, Isua supracrustal belt (65°10.36'N 49°48.25'W)
1.1 m,osc/h,p 502 70 0.14 0.034 1.391 ± 0.028 0.3071 ± 0.0007 3506 ± 4 0
1.2 m,osc/h,p 428 60 0.14 0.053 1.431 ± 0.029 0.3104 ± 0.0015 3523 ± 7 -3
1.3 m,osc/h,p 333 75 0.23 0.093 1.406 ± 0.036 0.3103 ± 0.0011 3522 ± 5 -2
1.4 e,osc/h,p 354 82 0.23 0.210 1.510 ± 0.053 0.3047 ± 0.0014 3495 ± 7 -6
2.1* e,osc,p,fr 420 25 0.06 0.043 1.869 ± 0.034 0.1982 ± 0.0014 2812 ± 12 -2
2.2* e,osc,p,fr 582 70 0.12 0.008 1.849 ± 0.082 0.1999 ± 0.0008 2826 ± 7 -1
1
Table 1:  SHRIMP U/Pb zircon analyses
labels grain U Th Th/U comm. 238U / 206/Pb 207Pb / 206Pb 207 / 206 %disc
type ppm ppm  206Pb% ratio ratio date (Ma)
12.1 m,hd,ov 336 212 0.63 0.074 1.996 ± 0.061 0.1879 ± 0.0017 2724 ± 15 -4
13.1 e,hb/sz,ov 131 25 0.19 0.265 1.672 ± 0.071 0.2147 ± 0.0017 2941 ± 13 3
14.1 m,hd,ov 418 203 0.49 0.003 1.927 ± 0.054 0.1843 ± 0.0008 2692 ± 7 0
15.1 m,sz,ov 116 75 0.65 0.097 1.963 ± 0.058 0.1841 ± 0.0014 2691 ± 13 -1
16.1 m,hd,ov 228 188 0.82 0.001 1.923 ± 0.057 0.1855 ± 0.0013 2702 ± 12 0
17.1 m,hd,ov 766 389 0.51 0.024 1.918 ± 0.054 0.1858 ± 0.0023 2705 ± 20 0
G91/06 tonalitic gneiss (64°46.07'N 49°59.77'W)
A c,sz,p 418 489 1.17 0.057 1.825 ± 0.052 0.3739 ± 0.0013 3806 ± 5 1
B c,osc,p 132 102 0.77 0.023 1.783 ± 0.086 0.3665 ± 0.0019 3776 ± 8 -4
C c,h,p 109 3 0.03 0.246 1.793 ± 0.043 0.3507 ± 0.0040 3704 ± 18 -5
D c,osc,p 210 141 0.67 0.088 2.029 ± 0.052 0.3804 ± 0.0041 3832 ± 16 -3
GPS positions use WGS84 datum
See Nutman et al. (1996, 2000) and Friend and Nutman (2005b) for G88/66 data
p=prismatic, bip=bipyramidal - short prism, ov=oval, e=end, m=middle, r=overgrowth, c=core
rex=recrystallised, osc=oscillatory finescale zoning, sz=sector zoning, h=homogeneous, 
hd=homogeneous dark, fr=fragment, anh=anhedral, turb=turbid
*likely laboratory contaminant grain (G05/04)
corrected with model Pb of Cumming and Richards (1975) for likely rock age 
2
